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Abstract
Towards next generation communications, Energy Efficiency (EE) at-
tracts lots of attentions nowadays. Some innovative techniques have been
proposed in prior literatures, especially the sleep mechanism of base sta-
tion (BS). Yet how to sleep and when to sleep are still vague concepts.
Another, most of the studies focus on the cellular section or core networks
separately while integral and comprehensive version is neglected in prior
literatures. In this paper,the integral optimization structure is studied
based on cloud radio network (C-RAN) and information centric network
(ICN) that raised latest combined with the sleep mode. The original C-
RAN and ICN structures are amended in terms of reality application of
sleep techniques. While adopting the sleep techniques both in core and
cellular, apart from previous works, a transition smooth method that solve
the current surge problems which is ignored before is further proposed.
Based on the new method, it will be much more feasible to adopt the
sleep techniques by knowing the appropriate occasion for transition be-
tween sleep and idle mode. Comprehensive computer based simulation
results demonstrate that this integer proposal achieves better EE feature
with negligible impact on quality of service (QoS) of user equipments
(UEs).
1 Introduction
According to International Telecommunications Union (ITU), information com-
munication industry (ICT) consume 10% energy world-wide nowadays while
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transmitted data volume still increasing approximately with a speed of 10 times
every 5 years [1]. Because of the growing energy demands and costs caused
by higher speed of transmission, in next generation communications, more at-
tention should be paid on energy efficiency (EE). Thus, some organizations are
calling for green cellular communications, for instance, 5GNow, EP-7, etc. [2].
And EE policy also attracts operators’ attentions. For instance, orange claims
that energy consumption of per user should be reduced by 20% comparing with
2006. In cellular section, it is estimated that nearly 57% power consumption
coming from BS itself. Thanks to the author in [3], cellular zooming policy is
adopted with sleeping mode for BS while transmission. Once the policy is pro-
posed, great deal of attentions are attracted with plenty of further studies based
on this. For instance, in [4], the cooperative transmission of downlink commu-
nications with BS and antenna switching off mechanism is proposed; in [5],
the author further extends the study with radio frequency (RF) chain sleeping
for multiuser MIMO system; in [6] and our prior work in [7], the antenna se-
lection mechanisms based on cellular zooming with sleeping mode are studied
for massive MIMO systems. But another significant issue comes from China
Mobile [8] that ignored by all of those works, which acclaims that nearly30%
power consumption of BS consuming comes from air condition and other facili-
tate equipments of the machine room. Therefore, more power can be saved by
better architecture planning, such as the proposal of cloud radio access network
(C-RAN) that raised by China Mobile. But to the best knowledge of us, even
the C-RAN proposal itself is still some kind of theoretical concept rather than
a realistic prototyping model for latest raise and fewer studies nowadays.
Things in core networks seem familiar, some sleep mode [9] and network
coding [10] mechanisms also have been proposed towards energy efficiency. But
most of them based on existing network model while seldom attention has been
paid on the new technology with ICN, which is of better feature towards reliving
the load, better security and EE and proved to be promising technology for
future. And to our best knowledge, even less notice has been paid on the
coexisting architecture of both although we should focus on with the integrity
sight.
Another, although the sleep strategy has been widely studied both in core
and cellular network. But while talking about the reality, how to sleep and when
to sleep are still an obscure issue, say, as equipments typically associated with
uninterrupted power supply (UPS) system, simply turn on or turn off UPS sys-
tem cannot be a good choice especially within the massive MIMO circumstance;
as frequent in-out performance of UEs in cellular, an mechanism is needed for
transition between sleep and working mode of antennas; as electron devices (ca-
pacitor, inductor, etc.) have some specific working lives and can be significantly
destroyed by current pulse during power on-off periods, protection method and
trade off mechanism between energy saving of cellular system and working lives
of electron devices are greatly needed.
Based on all of these, in this paper, we raise a new answer the question
listed above. The contributions of our work are: 1. the integrate structure is
proposed. 2. the power supply circuit of of core router and cellular BS is further
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ameliorated for the transition between sleep and working mode aforementioned.
3. based on these, a new mechanism is proposed for communications. The
structure of this paper is organized as follows: Section II is proposed system
model. The improved model is discussed in detail with C-RAN and ICN in
this section. In section III, The EE of this proposal is analyzed for both wired
and wireless section of this proposal. The performance of circuit is analyzed
and the transition scenario is raised in section IV. And the integrate working
mechanism is demonstrated here. In section V, the proposal is compared with
sleeping technology that raised previously. In section VI, we conclude this paper.
2 Proposed System Model with C-RAN Archi-
tecture
In C-RAN, typically, it consists of a cloud core network connecting with virtual
BS pool, a high-speed switcher, Gbs/s or even Tbs/s fibre link, and several BSs
that connecting with the switcher. While comparing with traditional radio ac-
cess network, the cooperative multi-point (CoMP) accessing procedure can be
more easily accomplished within the BS cluster with advantage that all trans-
mission and receiving procedures are processing by virtual BS pool. As power of
the BSs in a BS cluster are supplied by a power system uniformly, more energy
can be saved because the number of air conditioner and other equipments can
be greatly reduced by this architecture as talked aforementioned. Within the
massive MIMO background towards 5G wireless communications, in this pa-
per, we separate the virtual BS pool into the plant and control center, switcher
that connecting with cloud domain network. Which is shown as Fig. 1. The
advantages are: the plant and control center provides power to each antenna
of BS in the BS cluster; and it can decide to turn on or off the corresponding
antenna with VLSI circuit and cable line that connecting with each of them.
Here the antenna selection and radio frequency (RF) chain shortage problem
is left for further study. In this paper, we say that the selected antenna or
antenna arrays with corresponding UEs are already the optimal one. And we
assume that there are enough RF chain for transmission with perfect channel
state information (CSI).
Another, the author in [11] estimates that in core networks, for instance, with
the rate of 100Mb/s, the terminal and switcher sections consume 30% and the
fiber links are responsible for 4.5% of total energy consumption. Another con-
ceive of this paper is, under the circumstances of C-RAN, it will be worthwhile
and consequential to add the information centric network (ICN) [12] leverage
into this architecture as a feasible element with the purpose of alleviating the
load burden of core network, saving more energy. The purpose is achieved by ef-
ficient distribution of information platform with caches that equipped with each
cluster. It can provide services like point to point (P2P) in dedicate networks.
The conception of ICN mainly relays on named data objectives (NDO) that
independent distributed and stored in diverse locations. With NDO, identify
3
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Figure 1: Proposed System Model with C-RAN Architecture
Figure 2: the ICN based communication procedure
and transmission processes of information are carried out by its name, thus its
identify regardless of the location or transmission procedure. The transmission
period can be depicted as Fig. 2.
The different is: in traditional IP protocol based core network, core devices
such as switcher and router, will deliver the request by IP address. In contrast,
with the help of caches that equipped within each core cluster, request will be
packed and routed by NDO information no matter where the information lo-
cated. The benefit relays on the disruption tolerance characteristic it is. And
it is a more safer model which different with trust verification between client
and server that traditional IP protocol based on but provides security transmis-
sion with name integrity and origin verification based on NDOs. Similar with
P2P technology, ICN possesses the mobility and multihoming of core devices
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especially on condition that end to end connections. In addition, with caches
equipped with each distribution cluster, it can be an energy efficient technology
comparing with IP protocol,this issue can be proved in the following part of this
work.
3 Analysis of Energy Efficiency
Typically, EE is defined as bit rate divided by energy that consumed to maintain
the rate, thus EE formula with bit/joule can be expressed as:
η = R/P (1)
where R,P denote for the bite rate and energy consumption that needed to feed
the rate. While talking about EE optimization, we can have the formulas as:
max η
s.t.
∑
P ≤ Psum, P ∈ [0, Psum]
(2)
where P, Psum are the required energy for transmission, the total power of BS
in cellular or working router in core network.
3.1 Energy Consumption of Wired section
In this proposed regime, wired optical fiber between BS and cluster added with
optical fiber between different clusters in core networks consist of the wired
transmission line. Typically, in wired networks, energy consumption mainly
derive from the consumption of transmission signal, core routers (optical cross
connect with abbreviation of OXC and transponders), inline optical fiber to-
gether with amplifiers established in. While working, the sleep mode is further
adopted for OXC, transponder together with the optical fiber for energy effi-
ciency as prior literatures. And we assume that the router is optimal throughout
the cloud network. The power consumption model can be given by:
Po = Ps + nPc (3)
where Po, Ps, Pc, n stand for the energy consumption of total wired section,
transmission signal, core routers and the number of it. Under the assumption
that optical fiber is divided by fiber section with Erbium Doped Fibre Amplifier
(EDFA) and section without it and number of core router, denote α,L, Ledfa, l
for the number of EDFA that equipped within the optical fiber, distance from
required information to the BS, per length that EDFA can back up, remained
distance plus the distance from cluster to BS, Ps can be evaluated by:
Ps = Pt + αPedfa (4)
where α can be indicated as:
α = ⌈ L
Ledfa
⌉ − 1 (5)
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Typically the distance each EDFA can compensate is 80km. On condition
that the gain of optical fiber without EDFA is G, attenuation of optical fiber β,
thus the section of optical fiber that without compensated by the EDFA can be
formulated by:
l = L− αLedfa + LBS (6)
where LBS stands for the distance from cluster to BS. That is because of the
regime that by sleep mode of non-active OXC and transponder, from cluster to
BS, there are same number of transponders and optical fibers for each active
BS. In this case, Pase can be expressed by:
Pase = Gle
−βl P
n−1
t
16 ∗ 40ng (7)
where Pn−1t stands for the power that needed in the former hop, which is of
the same power value at the last end of optical fiber equipped with EDFA on
account of the hypothesis that EDFA can compensate all of the losses during
transmitting. And ng stands for the transmission bit rate by Gbps. Assume
that Cisco CRS-1 with 16 slots series is used as core router, which will consume
about 10.9KW power for full-duplex mode, then while transmitting, Pn−1t can
be expressed by Pn−1t = 10.9KW/16 for each working slot on condition that
transition between sleep mode and working mode added. Finally, Pt can be
expressed by:
Pt =
Pn−1t
16 ∗ 40ng + pase (8)
3.2 Energy Consumption of Wireless section
In Massive MIMO with cylinder disposition, typically, there is one massive
MIMO BS with hundreds of antennas (here the number denotes as N) and K
UEs where K << N (typically, for a massive MIMO system, there are 100∼200
antennas distributed by cylinder shape that serves 42 UEs.). For simplicity, we
assume that the ergodic capacity can be formulated by perfect channel state
information (CSI) through pilot of the transmitter.ZF-BF is used for interfer-
ence eliminating where the ZF-BF matrix is W = [w1, w2, ..., wk] . In ZF-BF,
take W as the beamformer for wk channels within a N ×K matrix, where wk
a N × 1 vector. Here hk , channel from BS to UE is 1 ×N complex-Gaussian
entries vector with zero mean and unit variance. Then the total channel matrix,
a K × N complex matrix, can be defined as H = [hT1 , hT2 , ..., hTk ] . Then the
ZF-BF matrix can be expressed as:
W = HT (HHT )−1 (9)
where (.)H and (.)−1 stand for conjugate and inverse transpose of a matrix
separately. Then the received signal of the kth user can be expressed as:
y = hk
wk√
γ
xk + hk
K∑
i=1,i6=k
wi√
γ
xi + nk (10)
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where xk denotes transmitted signal at BS terminal of the kth user, which can
be expressed as xk =
√
Pksk with Pk, transmission power of UE k. And sk is
transmission signal at BS terminal of kth user that obeys complex Gaussian
distribution with zero mean and uniform variance, nk noise signal with zero
mean and N0 variance, γ the normalization factor of signal of the kth user with
expression γ = ‖W‖2F/K . And ‖.‖2F denotes for matrix Frobenius norm.
Suppose channels are constituted by components carriers (CCs) where CCs
are sufficient for usage of kth users, and maximum bandwidth each CC can
carry is BCCs. If SINRk is taken as signal to interference plus noise ratio of
the kth user. Received bit rate of kth UE can be expressed as:
Rk = BCCs log2(1 + SINRk) (11)
as the assumption, BCCS is known with a constant value, SINRk should be
focused. For simplicity, we assume that each UE associated with two antennas
while transmitting, thus suppose the power of antenna array with number of
n in each BS is Pbs, while turn on the associate antennas with and turn of
the unexpected antennas to sleep, for kth UE, the power is allocated by β =
Pbs2K/n . Taking ρ = β/N0 as the signal to noise (SNR), Thus, the SINR of
UE k can be formulated as:
SINRk =
ρ|hkwk|2
ρ
∑j=K
j=1,j 6=k |hkwj |2 + 1
(12)
According to equ.9, the beamforming vector can be deduced as:
wk =
hHk
‖hk‖ , k = 1, ...,K (13)
as described aforementioned, ZFBF can eliminate the intra-interference. Achiev-
able ergodic rate of kth UE can be described as:
Rk
′ = E{BCCs log2(1 +
ρK
tr{(HHH)−1} )}
≈ BCCs log2(1 +
ρK
E{tr{(HHH)−1}})
(14)
According to random matrix theory, the matrix HHH is a central Wishart
matrix. suppose the number of antenna is larger than UE, then the matrix
would be a K ×K central Wishart matrix with N degrees of freedom, and its
covariance matrix I, a unitary matrix. Then tr{(HHH)−1} can be deduced as:
tr{(HHH)−1} = tr{(HHH)−1HHH(HHH)−1}
= tr{WHW} = ‖W‖2F
(15)
as K, M(associate antennas) growing with a constant ratio α = M/K, it con-
verges to a fixed deterministic value:E{‖W‖2F} = K/(M −K), then max-sum
ergodic of per cell can be formulated as:
Rsum = BCCs log2(1 +
ρK
E{‖W‖2F}
) (16)
7
Figure 3: the protection circuit
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Figure 4: Simplified RLC model of power system
As estimated aforementioned by CMCC, the machine room is responsible for
28% energy consumption, which is ignored in most of prior literatures. Thus
with energy consumption of machine room Pmr added, the energy consumption
can be described by:
Psum = PBS + Pmr (17)
4 Proposed Transition Smooth Scheme
4.1 Analysis of transition period
As surge pulse (thunder, pulse surge, etc) can also bring serious damage to elec-
tron devices, according to the circuit theory, typically, two bypass capacitances
are used for eliminating the surge or high frequency current to protect the load,
thus the antenna in this paper. The protection circuit model is shown in Fig.3.
Tanking the antenna as one capacitance devices with value of C3. On condition
that it can be easily damaged by surge pulse current, which is similar to the
performance of capacitance. The capacitance value of the whole circuit can be
expressed with C = 1/C1 + 1/C2 + 1/C3. According to circuit theory, we can
adopt RLC circuit model to describe the power supply system for transition
between on-off period of antennas in cellular system. Which is shown as in Fig.
4.
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On condition that power supply is turned off, according to the source free
series RLC circuit model, while applying the KLV around the loop, we can have:
d2i
dt2
+
R
L
di
dt
+
i
LC
= 0 (18)
where v(0) = 1
C
∫ 0
−∞ idt = V0, i = C
duc
dt
, i(0) = I0. By solving the equation ,we
can have:
i =Aest
s =− α±
√
α2 − ω2
(19)
where α = R
2L
is the neper frequency and ω = 1√
LC
is the resonant frequency.
Then the three types of solutions can be defined as: α > ω is the overdamped
case, α = ω is the critically damped case, α < ω is the underdamped case. In
electron devices, typically, the impedance of resistance can be taken as zero.
And according to wsitching law uc(0
+) = uc(0
−) = U0, i(0+) = i(0−) = 0, the
voltage of capacitance will be:
uc(t) = Ucos(ωt) (20)
While adopting the expressions i = C du
dt
, ul = L
di
dt
, we can have the voltage of
inductance by several operations:
ul(t) = −Ucos(ωt) (21)
Similarly, while uc, U denotes for the capacitance voltage and power source
voltage respectively, on the power on moment, applying the series RLC step
response theory and after a series of operations, we can have:
LC
d2u
dt2
+RC
du
dt
+ uc = U (22)
while ignoring the circuit resistance, uc(t) can be further changed to:
uc(t) = U(1− cosωt) (23)
then after adopting the functions i = C du
dt
, ul = L
di
dt
, the voltage of inductance
ul(t) can be expressed as:
ul(t) = Ucos(ωt) (24)
4.2 Proposed Scheme towards on-off Transition
Typically, while analysing the second order oscillation circuit, the τ = 2pi
√
LC
is used to denote the oscillation period with ωc = 2pi/τ . Denote τ as working
time of source free period, and one T denotes for one period of on-off transition.
Then the voltage function of uc(t) can be combined as :
uc(t) =
{
U cos(2pi( t
τ
)), source free period
U(1− cos(2pi( t
τ
))), step response period
(25)
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similarly,the function of ul(t) can be expressed as:
ul(t) =
{
−U cos(2pi( t
τ
)), source free period
U cos(2pi( t
τ
)), step response period
(26)
It is known that the voltage supply is some kind of rectangle wave. It can be
further took as two rectangle wave with different positive and negative values
during the source free and step respond period. While talking about the pro-
tection of working life electronic device, typically, during one on-off period,the
working voltage should not exceed the nominal voltage. In this case, the ex-
pression of protection of electron devices working life can be written as:
uc(t) = Ucos(2pi(
t1
τ
)) + Ucos(2pi(
t2
τ
))− U ≤ U
ul(t) = −Ucos(2pi( t1
τ
))− Ucos(2pi( t2
τ
)) ≤ U
(27)
by solving the problem, the expression of t1, t2 should be further devided by
t1 ≤ t2, t1 > t2. Considering that the solutions of these two conditions are some
kind of similarity, the solutions are given here with expression by:
t2 ≤
τarccos(1
2
− cos(2pi( t1
τ
)))
2pi
(28)
or
t1 <
τarccos(1
2
− cos(2pi( t2
τ
)))
2pi
(29)
The processing procedure can be accomplished with some pseudo-algorithm
while communicating. And in this paper we adopt a simple antenna and RF
chain selection mechanism with Ia, Irf , Sa, Srf , INr, INc, INf stand for idle an-
tenna, idle RF, state of the selected antenna and state of selected RF, required
information by the request, information located in the cluster caches and infor-
mation in far away clusters respectively. The antenna and RF chain numbers
are assumed sufficient enough for each request. Perfect CSI feature is adopted
simultaneously. For processing procedure, the pseudo-algorithm is described as
in Algorithm 1.
5 Simulation Results
In this section, we evaluate our proposed scheme and compare with the state-
of-art techniques in terms of EE performance. General simulation elements are
shown in Table I. We evaluate the performance with EE feature of our proposed
scheme while comparing with the latest EE proposal with sleep mode both in
wired and wireless section.
Suppose the modulation mode is 16 QAM in wireless communications, one
cluster associates with 20 BS, we can get the EE performance at wireless section
as Fig. 5. It is obviously that the proposed regime with C-RAN possesses
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Algorithm 1 Processing Angorithm
1: active UE comes into the BS cluster
2: Search for the nearest BS, selection antenna and RF-chain with signal strong
link mechanism
3: if Ia > 0; Irf > 0 then
4: if S(a) = ON ;S(rf) = ON then
5: if INr = INc then
6: INc → INr; estimate t2 with t mod τ/4;
7: delay t1, set S(a) = OFF, S(rf) = OFF
8: else {INr 6= INc}
9: Flood request with NDO;
10: INf → INrestimate t2;
11: delay t1, set S(a) = OFF, S(rf) = OFF
12: end if
13: else {S(a) 6= ON ||S(rf) 6= ON}
14: wait and listen
15: if S(a) = ON ;S(rf) = ON then
16: goto step 4
17: else
18: goto step 14
19: end if
20: end if
21: else {Ia = 0||Irf = 0}
22: wait and listen
23: if Ia > 0; Irf > 0 then
24: goto step 3
25: else
26: goto step 22
27: end if
28: end if
better EE performance because the energy consumption of machine is greatly
deduced comparing with traditional architecture, where each BS equipped with
one machine room. And in the curve of traditional sleep scheme, each sawtooth
denotes for a machine room been added on condition that the number of UEs
exceeding maximum UEs’ number one BS can bear. And while the number of
UEs growing, the EE curves trend to flat, that is because of the total maximum
UEs’ number restrict of one cluster.
In the wired section, we assume that the distance between two hop are
100km, in addition, the distance from BS to cluster is 10km that connected
by optical fiber. The EE performance in terms of transponder and port sleep
mode with ICN are shown as Fig. 6. We take the number of hops standing
for the location of required information from UEs in BS coverage area. When
required information located in ICN cache of the cluster servicing the BSs,
that will be one hop, otherwise, number of hops added by location. In this
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Table 1: Simulation Elements
Parameters Value
40Gbps port 400W
EDFA 4W/Gps
OXC with degree df 150W+135dfW
Gain of fiber 0.99
Fiber attenuation Coefficient 0.3dB/km
Machine room 480W
Number of antennas M 200
wireless peak bit rate 200MHz
Bandwidth BCCs 5MHz
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Figure 5: Energy Efficiency Performance of Wireless Section With Improved
C-RAN
case, as described in the figure, EE performance declines with number of hops
adding. And the curvature change around 40 in Fig. 6 manifests that more
transponders are added for transmission because of the maximum 40Gbps one
optical fiber can sustain. It is clearly that better EE performance can be obtain
with ICN technology in wired core while serving as the data center of wireless
communication as descibed in Fig. 6. That is because that with ICN, the UE
can always get information with least routing distance. And with the help of
sleep mode in unexpected router and optical fiber, great deal of energy can be
saved.
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Figure 6: Energy Efficiency Performance of Core Network with ICN Technology
6 Conclusion
In this paper, one modified ICT architecture is proposed based on the C-RAN
and ICT technologies towards EE. Detail construction of the improved policy
is described and the EE analysis is demonstrated. Based on all of these, the
decision scenario of sleep scheme for EE is proposed with transition between
sleep and working mode both in wireless and wired section. Sleep policy can be
more realistic with the help of this proposed method. The performance of this
regime is compared with simple sleep scenarios that proposed latest for EE. And
it is shown that the policy of this paper possess better EE feature. This work
can be further combined with imperfect CSI and antenna selection method for
more reality circumstance.
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